The object of this study is 
Some efforts have been made to determine the critical aspects of the reinforcing mechanism in a unidirectional composite by studying simple models both experimentally and theoretically. Dow [1] and Cox [2] performed some of the early theoretical work in this area, and Tyson and Davies [3] and Shuster and Scala [4] conducted photoelastic studies of the stress patterns around the reinforcing filaments. These studies show that the filament is loaded primarily through shear at the interface with some direct tension at the ends depending on end geometry. The magnitude of the shear stress in the matrix varies along the filament and radial to it, with maximum shear stresses occurring at the interface near to the filament ends. Schuster and Scala [4, 5] also studied interaction of the stress patterns at whisker ends and although no quantitative evaluation was made, for actual breaks the isochromatic patterns indicated a higher stress concentration in the matrix near a whisker break than at a whisker end. It has therefore been established that the formation of new ends when a filament fractures is the most critical stress raiser in the matrix material. Rosen [6] has investigated the behavior of single layer, unidirectionally oriented glass filaments in an epoxy matrix. In this study, the failure of individual filaments was noted during the loading process until total failure of the specimen occurred. Rosen de- veloped a theory of failure relating to cumulative damage and this work has been extended by Friedman [7] .
A great number of studies have been made to establish the longitudinal strength characteristics of composites, with success being measured in many instances by the degree to which &dquo;rule of mixtures&dquo; predictions have been attained. Although the name is somewhat deceiving, this theory is based on the simple assumption of uniform strain in both fiber and matrix and linear elastic response [8] and McDanels et al. [9] report good agreement with &dquo;rule of mixtures&dquo; predictions for modulus and tensile strength when metallic filaments are used. However, most studies report somewhat less agreement for predicted strengths, especially in the region of high filament content, and the agreement is even less apparent in systems using continuous and discontinuous non-metallic filament arrays. [10, 11, 12] Deviations from rule of mixtures predictions are often attributed to inadequate fabrication techniques resulting in voids, fiber-to-fiber contact, poor bonding, fiber degradation and the like.
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In addition to the variation of shear stress along the interface, there is a stress gradient normal to the filament axis which has been determined from the photoelastic investigations referenced above. This variation is best described by plotting the tensile stress trajectories in the matrix as determined by Tyson and Davies [3] . In Figure 2 , the direction of the tensile stresses is tangent to the trajectories at a given location and the magnitude of the tensile stress is proportional to the proximity of the trajectories. The Figure 3a , while a somewhat higher energy fracture results in a disk-shaped crack as illustrated in Figure 3b . The terms &dquo;low-energy&dquo; and &dquo;high-energy&dquo; failure are used here to make an inferred distinction between manifestly different combinations of filament matrix behavior. When a brittle filament fractures, the elastic strain energy, which is in excess of that required to create the fracture surface (in the filament), is instantaneously released and must be absorbed or transmitted by the matrix in the vicinity of the filament failure. For a given filament, the magnitude of this energy pulse will be approximately proportional to the filament tensile strength; and it will vary from point-to-point in a manner consistent with the strengthstatistics of the filament. Thus, one element of the &dquo;low-energy&dquo; or &dquo;high-energy&dquo; designation is a function of the filament strength. The matrix response is the other element in the designation; that is, it must respond instantaneously to a rapidly propagating internal crack having the dimensions of the filament cross section and characterized by a high stress and strain rate at the crack tip. In the (assumed) absence of plastic or visco-elastic deformation at this local strain rate, the energy pulse may be partially absorbed by damping during its transmission (as an elastic wave) to the specimen mass. On the other hand, the energy pulse may be partially absorbed by the creation of new surface area as the filament crack propagates into the matrix. The &dquo;crack sensitivity&dquo; of the matrix will determine the magnitude of the energy pulse required to propagate such a crack. The formulation and cure cycle of the matrix used in this work had a &dquo;critical&dquo; crack sensitivity in that it maintained or lost its local integrity in a manner consistent with expected local variations in filament tensile strength.
The most common form of fracture in a boron filament shown in Figure 3c [3] . In the photo of Figure 5 , the two inclined cracks begin propagating simultaneously, Figure 6a represent the [4] One pair of (duplicate) specimens was pre-strained at a nominal strain rate of 0.008 in/in/min until at the maximum load (of the loaddeflection curve) there was 10-13% elongation. These specimens were then unloaded for examination under the microscope, and the number of filament breaks was determined to be 12 in one case and 13 in the other (Table I ). The pre-strained (cracked) specimens and, for comparison, a pair of virgin specimens were then tested to failure at a 100-fold higher strain rate (0.8 in/in/min). Representative stresselongation curves (at the higher strain rate) for pre-strained and virgin specimens are shown in Figure 9 . The critical observation here (evident from Figure 9 and Table I) is that, at the higher strain rate, the specimens with many internal cracks already present were both stronger and more ductile than virgin specimens (twice the strength and three times the elongation to failure). The Photomicrographs on the left hand side of Figure 10 show the development (in the absence of a disk-shaped crack) of a pair of inclined cracks in the matrix associated with a low-energy filament failure. Figure 10A shows the initial stage of such a pair of cracks which, owing to catastrophic failure elsewhere at a low total elongation, did not have time to develop to the extent of the pair shown in Figure 10C , grown at a lower strain rate. The inclined cracks in Figure  10D were partially shadowed from the tensile stress field in the matrix (by the disk-shaped crack) and, therefore, they did not grow to the extent of the unshadowed pair in Figure 10C .
The photomicrographs in Figure lOB and Figure 11 , C and D. Such cracks continue to grow until they become super-critical in size and self-propagating; that is, the specimen fails under conditions of decreasing load (as shown in the upper stress strain curve in Figure 9 ). Figure 12a . Some stress transfer occurs across the break through the matrix, but because the adjacent filaments provide greater stiffness than the unreinforced matrix, there is shear transfer through the matrix to the adjacent filaments. This mechanism is shown in Figure 12b and becomes more pronounced as filament spacing decreases. In this sketch one might consider the broken filament as being bonded between the adjacent filaments as in a standard pull-out test of a double lap joint. Through this mechanism, much of the load previously carried by the fractured filament is now shared by unbroken filaments, especially those adjacent to the broken filament. Since the direct stress transfer through the matrix (Figure 12a ) requires that the matrix remain intact near the fracture, a disk crack at the filament fracture will prevent stress transfer through the resin between filament ends. Under this condition, all the stress transfer must be through shear to adjacent filaments as illustrated in Figure 12b .
When such a disk is formed with filaments closely spaced, enough energy may be released to carry the disk-shaped crack through the adjacent filament resulting in a multi-filament fracture and premature failure of the composite. There is evidence that this mode of failure is strongly dependent on strain rate. Two specimens were prepared with 5 B4C/B/W filaments in an epoxy resin. One was loaded at a strain rate of 0.008 and the other at 1.0 in/in/min. At the slow rate, individual filament fractures occurred in various locations throughout the test and several subcritical disk-shaped cracks were formed as the stress was increased to a maximum of 2180 psi. In the specimen tested at the higher strain rate, only three filament fractures were sustained before failure at a markedly lower stress (1150 psi) and elongation. A diagram of the fractures occurring in these tests and two single filament tests are shown in Figure 13 .~ The slower rate of ' The number of breaks per filament was nearly independent of strain rate in single filament specimens but was markedly strain rate dependent for the five-filament specimens. loading allows gradual redistribution of load and failure of filaments according to their variations in strength from point to point. At 
